The CdS thin films were deposited on glass substrate by chemical bath deposition (CBD). The effect of annealing temperature on the morphological, structural, optical and electrical properties of the crystalline CdS films were investigated for different annealing temperature (as deposited, 300, 400 and 500 °C).The annealing time is 1 h. The materials have been prepared using simple aqueous solutions containing cadmium sulfate, as source of cadmium, and thiourea as source of sulfur and ammonium hydroxide as the complexing agent. The temperature of the bath was maintained at low temperature of 80 °C. The surface morphological properties studied by SEM and AFM respectively. The structural properties of CdS thin film was studied by X-ray diffraction. The optical parameter such as transmittance and energy band gap of the films with thermal annealing temperature was investigated by UV-Visible spectrophotometer. The variation of band gap values of CdS thin film samples were found to be in the range of 2.37 to 2.5 eV. Electrical resistivity measurements were carried out in four-probe Van Der Pauw geometry at room temperature by the Hall measurement. SEM image confirmed that film of smooth surface morphology.
INTRODUCTION
Cadmium sulfide (CdS) is a wide band gap semiconductor, which is used as an efficient window material for the fabrication of superstrate type solar cell structure due to its low resistivity and high transmitivity [1] [2] [3] . It has been used as a window layer in high efficiency thin film solar cells base on cadmium telluride (CdTe), copper indium diselenide / sulphide (CIS) and copper indium gallium diselenide / sulphide (CIGS) [4] . It has been used in the deposition of CdS semiconductor thin films since the 1960s [5, 6] and many techniques including electrodeposition [7, 8] , spray pyrolysis [9] , successive ionic layer adsorption and reaction (SILAR) [10] , vacuum evaporation [11] , and Chemical Bath Deposition (CDB) [12] [13] [14] . CBD is known to be a simple method, with low temperature and inexpensive large area deposition technique, it use an aqueous solution and then we can control the chemical parameters of solution like (temperature, molar concentration, PH, time of deposition, stirring rate., etc.) [15, 16] . Therefore we can control the thickness of the film and grain size of the particle then the energy band gap. The CdS deposition by chemical bath deposition (CBD) is based on the controlled precipitation of metallic ions (Cd 2+ ) in a solution containing sulfide ions (S 2-) of controllable concentrations. This can be achieved by two mechanisms [17] : a) Ion by ion (heterogeneous reaction); b) Cluster by cluster (homogeneous reaction).
The formation process of CdS nanoparticles are proposed as follows [18] :
The cationic precursor solution releases Cd 2+ ions from [Cd (tartaric acid)] 2+ as:
In the anionic precursor solution, thiourea hydrolysis occurs and gives S 2-ions according to:
SH -+ OH -↔ S 2-+ H2O
Finally the CdS are formed by combinaison of Cd 2+ with S 2-ions as:
In this work, CdS thin films were prepared by CBD at temperature 80 °C. The effect of the annealing in air atmosphere at 300, 400, 500 °C are discussed. The X-ray diffraction (XRD), fourier transform infrared (FTIR), secondary ion mass spectrometry (SIMS), scanning electron microscopy (SEM), atomic force microscopy (AFM), photoluminescence (PL), UV-Visible spectroscopy and four-probe Van Der Pauw method by the Hall measurements are used to characterize the CdS thin films.
EXPERIMENTAL DETAILS

Sample Preparation
Our purpose studies thin films of CdS have been deposited by chemical deposition, using the stock solution of 1M thiourea (CS (NH2)2) in the presence of 1M cadmium sulfate (CdSO4) in a basic solution with 28-30 % ammonium hydroxide (NH4OH) and distilled water. The solution was homogenized by stirring with a small magnetic bar at low temperature of 80 °C, and the pH value about 10.
Films were deposited on glass substrates (Micro slides Glass) thickness (1.35 mm) and size (75  25 mm), these substrates were emerged in ultrasonic bath (in different solution such as ethanol, acetone) for 30 minutes and finally washed by distilled water, in order to clean them.
The bath was covered. Then under continuous stirring during the deposition to ensure homogeneous distribution of the chemicals, the clean glass slide were vertically immersed in the beaker contain the solution which was placed in chemical bath solution. Deposition time was 60 min, during which the solution color changed to yellow. After deposition, the CdS films were removed from the bath and washed with water ultrasonically to remove the loosely adhered CdS particles on the film and finally dried in air. The obtained films are homogeneous, densely packed and smooth well adherent to the glass substrate. All the films used in the present investigation were deposited simultaneously from the same bath deposited using the same chemical solution at different annealed with a fix temperature. Fig. 1 shows the schematic diagram of the experimental method. 
CHARACTERIZATIONS
The surface morphology of the nanostructure films was investigated with scanning electron microscope (SEM) (JEOL, (JSM-6610LA)) and atomic force microscopy (AFM-JSPM 5200). The structural characterization of the films was analyzed using X-ray diffractometer (XRD) (Siemens D500) with Cu Kα radiation. The Fourier Transform Infrared (FTIR) spectra of the samples were recorded using JASCO FT-IR 460 spectrometer by KBr pellet technique in the range 400-4000 cm -1 . The secondary ion mass spectrometry (SIMS) measurements were carried out by means of a Cameca IMS 4F-E7 mass spectrometer using a 10 kV Cs + primary ion beam with an incidence angle around 32 with respect to the surface normal . The sheet resistance (Rs) of the samples was measured using a four-point technique and the Resistivity measurements were carried out in Four-Probe Van Der Pauw geometry at room temperature by the Hall measurements (HL5900). The optical transmittance measurements of the films were performed with a UVVisible spectrophotometer (Cary 500).
RESULTS AND DISCUSSION
Scanning Electron Microscopy (SEM)
In order to study the microstructures of CdS thin films prepared by CBD method, scanning electron microscopy (SEM) was used. Fig. 2 shows the SEM images of as-deposited and annealed (at 300, 400 and 500 °C) thin films. In Fig. 2 (a) spherical shaped nanoparticles with vacant spaces were observed, while on annealing, the film consists of dense layer of small crystallites and the nanoparticles convert into bigger clusters due to the coalescence or diffusion of large number of CdS nanoparticles which can be seen in Fig. 2 The distribution of nanoparticles becomes more ordered and the vacant spaces between them get occupied. This can be explained as during the annealing, the recrystallization process densified the film and eliminated the defects in the material. Fig. 3 (a) and Fig. 3 (b) show the three-dimensional and two-dimensional atomic force microscopy (AFM) images for cadmium sulphide (CdS) thin films after annealing at 400 °C deposited on glass substrate respectively. The AFM image was measured for an area of 5.00  5.00 um  140.0 nm. The substrate surface is well covered with grains and spherical shaped nanoparticles The average sizes of smaller grains are observed to be 80 nm and the surface is relatively uniform because the nanoparticles convert into bigger clusters due to the coalescence or diffusion of large number of CdS nanoparticles (see SEM images). The average surface roughness and thickness is 45.50 and 65 nm respectively. Fig. 4 illustrates the XRD spectra for the asdeposited and annealed thin CdS films at 400 °C. The pulses (in arbitrary unit) and diffraction angle (2θ) were plotted. The spectra of CdS films are compared with ASTM cards of CdS structure, and indicated a crystalline structure of cubic phase (JCPDS -042-1411). This result is in agreement with Kozhevnikova et al [18] . Fig. 4(a) shows the X-ray diffraction pattern of the as-grown CdS thin film. The broad lump in the range of scanning angle of 10° to 70° is due to the amorphous glass substrate. However after annealing at 400 °C, the XRD patterns revealed that the films have cubic phase with a preferred orientation in the (111) plane (see Fig. 4(b) ).This improvement may be attributed to recrystallization of the films structure, by the enhancement of the rearrangement of Cd and S atoms in the film crystallites after. The grain size of CdS film an- nealed at 400 °C was evaluated to be between 10.5 nm to 13.8 nm by using the Debye Scherrer's formula [19] .
Atomic Force Microscopy (AFM)
X-Ray Diffract (XRD)
D is the crystallite diameter;
 is the wavelength of the incident radiation (  0.152 nm);
 the width at half height of the diffraction peak;
θ the half-angle Bragg diffraction expressed in radians.
Fourier Transform Infrared (FTIR)
Abstract is an essential part of the article metadata. The Fourier transform infrared (FTIR) measurements were undertaken to confirm the formation of the CdS thin films. Fig. 5 show the FTIR spectrum in the frequency range (450-4000 cm -1 ) of CdS thin film after annealing at 400 °C. It can be seen that the sample shows a weak characteristic vibrations of cadmium sulfide located at 635.54 cm -1 , others peaks are attributed to the formation of CdS nanoparticles. 
Secondary Ion Mass Spectrometry (SIMS)
The SIMS profile of CdS thin films are shown in Fig. 6 . The apparently high signal of 28Si, 114Cd, 16O and 1H and 32S in the CdS film is due to the relative sensitivity factor (RSF) which, begins to decrease with depth. The presence of 114Cd and 32S in SIMS profiles with a high signal at the interface can be ascribed to the possible formation of cadmium sulphide (CdS); this result confirms the presence of Cd-S band observed on the FTIR spectra.
Optical Transmissions
An important tool for searching and structuring of scientific and technical information is the keywords that are pointed in the article.
The optical properties of the films deposited on glass substrates were determined from the transmission and reflection measurements in the range 200-1100 nm. Fig. 7 shows the transmission spectra of as deposited and annealed CdS films. The annealing temperatures were 300, 400, 500 °C with one-hour annealing time; after each step the optical transmittance of the sample was registered and next annealing was made with the same sample. The results show that the optical transmission is more than 75 % in the visible range for as deposited and annealed films.
The changes of transmittances are associated to the increase measured over the visible range. The band gap energy (Eg) of the films is derived by using the relation [20, 21] :
where K is a constant and Eg is the band gap energy. The absorption coefficient () which is a function of the photon energy (hν) is calculated from the optical transmittance spectra results using the following equation [22] :
Where d is the thickness of the film and T is the optical transmittance. The (Eg) value is determined by extrapolating the linear part of the plot (hν) 2 versus (hν) in the abscissa (X axis), which indicates a direct optical transition. The (hν) 2 versus (hν) plots for both as-prepared and annealed CdS films are shown in Fig. 8 and the determined bang gap values are listed in Table 1 . The annealed samples show a relative decrease in band gap with annealing temperature. These results are consistent with other published results such as results of George, et al. [23] who attribute this decrease in the band gap in the annealed samples to the grain size growth and composition changes taking place in the samples by CdO identified by XRD. Whereas Nair, et al. [24] reported that the temperaturedependent parameters that affect the band gap are reorganization of the film, sulfur evaporation and selfoxidation of the film. The reorganization of the film should occur at all annealing temperatures. By filling the voids in the film one expects denser films and lower energy gaps. It is a known fact that some of the sulfur leaves the film at temperatures higher than 375 C. The decrease in band gap after annealing can be attributed to improvement in the crystallinity with annealing temperature as supported by XRD studies. Similar effect has been observed for CBD grown CdS films [25] . It was clear that the band gap is decreased due to an increase of the cluster size or grain size and this is known as the quantum size effect. This can be explained as during the annealing, the recrystallization process densified the film and eliminated the defects in the material. 
PHOTOLUMINESCENCE (PL)
CBD allows the growth of small grained CdS films at low temperatures, at 80 °C. Fig. 9 shows the PL spectra at 10 K for the samples studied in this work. In this figure, it can be seen that there are different PL bands for CBD-CdS layers before and after annealing at 400 °C. Later, we have confirmed these results by XRD. PL measurements reveal the existence band for CBD-CdS films grown on glass substrates. This band decreases in intensity with annealing temperature at 400 °C.
Electrical Properties
Content of the main part should be logically related, set out clearly, prepared in scientific style, and have a corresponding structure. The electrical properties of the CdS films are examined at room temperature by resistivity and Hall measurements using Van der Pauw method (see Fig. 10 ) and summarized in Table 2 . CdS exhibits n-type conductivity. The nature of the charge carriers were measured by hot probe method and confirmed by Hall measurement.
Electrical Profiles were performed by using a Accent HL5900 Hall system. The sample holder of the Hall profile machine is shown in figure 10 with In/Ga eutectic was used for ohmic contact (see Fig. 10 ). The current of 1 mA was applied through the sample and a magnetic field of 0.32 T was applied. The results are presented in Table 2 . The films exhibit very low resistivity found to be 3. 23 10 -4 Ωcm and the mobility attains 194 cm 2 /Vs. The sample owns a sheet resistance equals to 58.6 Ω/□, a high electrical conductivity found to be 0.31 10 4 S/cm and an average Hall coefficient around 1.14 cm 2 /C. 
CONCLUSION
In this paper, we used a simple and easilycontrollable method to elaborate CdS nanoparticles thus a good quality, adherent and uniform for different annealing temperature (300, 400 and 500 °C).
Structural, surface morphological, optical and electrical properties of the CdS films fabricated by a simplified CBD technique using cadmium sulfate and thiourea precursors have been studied in detail. The structural studies revealed that the films have cubic phase with a preferred orientation in the (111) plane after annealing at 400 °C temperature.
In our experiment, based on the optical transmission measurements, the band gap energies are calculated to be between 2.37-2.5 eV for the CdS films with different annealing temperature (as deposited, 300, 400 and 500 °C). The result promises a potential application of chemical bath deposited CdS thin films for the solar cells. Morphology and optical properties of the CdS films were characterized using SEM, AFM, UVVisible spectroscopy and PL spectra.
The films have a cubic structure with optical transmission is more than 75 % in the visible range for as deposited and annealed films. Annealing slightly improves the crystallinity and reduces the optical bandgap with increase in annealing temperature. This new route for CBD gives dense, compact and uniform CdS thin film after annealing of the films. The best annealing temperature for CBD grown CdS films was found to be 400 °C from the optical and morphological properties. CdS shows n-type conductivity. Its resistivity is about 3.23 10 -4 Ω.cm and the mobility attains 194 cm 2 /Vs. CdS exhibits characteristics compatible with window material for solar cells.
